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ABSTRACT 
 
Power electronics is very important field. Electronic equipments 
require switch mode dc power supplies, and uninterruptible power supplies. 
Electric trains and electric vehicles used to reduce smog and pollution. 
Adjustable speed motor drive, the transmission of power over high voltage 
dc lines, and the interconnection of photovoltaic and wind-electric systems 
to the utility grid are applications of power electronics. 
It is difficult to obtain a thorough understanding of power electronics 
without experimental effort. The basic operating concepts can be hard to 
follow in depth unless they are supplemented with laboratory activity. On 
the other hand, power electronics is a very specialized field in an 
experimental sense. Engineers in the area are often interested in waveforms 
of power, voltage, and current. The waveforms are nonsinusoidal, and 
contain information on time scales ranging from a few tens of nanoseconds 
for commutation up to several seconds for a motor load.  
The main aim of this project is to obtain a labrotary manual in power 
electronics for the use of under-graduate power engineering students.    
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CHAPTER_1 
Introduction 
 
1-1 General: 
Power electronics is for the most part based on semiconductor 
switching devices, which by their mode of use exhibit electrical 
properties approximating to either completely blocking or unrestricted 
conduction. The task of power electronics is to process and control the 
flow of electric energy by supplying voltages and currents in a form that 
is optimally suited for user loads. The semiconductor devices used can be 
classified into three groups   according to their degree of controllability. 
These are: diodes which are turned on and off by the power circuit, 
thyristors which are latched on by a control signal but turned off by the 
power circuit, and controllable switches which are turned on and off by 
control signals. These switches include the bipolar junction transistor 
(BJT), the metal oxide semiconductor field effect transistor (MOSFET), 
gate turn off (GTO) Thyristors, and the insulated gate bipolar transistor 
(IGBT).  
These devices require protection against over voltages & over currents 
that may arise due to the transients associated with high levels of powers. 
If a power electronic converter stresses a power semiconductor device 
beyond its ratings, there are two basic ways of relieving the problem. 
Either the device can be replaced with one whose ratings exceed the 
stresses or snubber circuits can be added to the basic converter to reduce 
the stresses to safe levels. The final choice will be a trade-off between 
cost and availability of semiconductor devices with the required electrical 
ratings compared with the cost and additional complexity of using 
snubber circuits.  
A snubber circuit reduces the switching stresses to a safe level by: 
1- Limiting voltages applied to the device during turn-off transients. 
2- Limiting device currents during turn-on transients. 
3- Limiting the rate of rise (di/dt) of currents through devices at device 
turn-on. 
4-  Limiting the rate of rise (dv/dt) of voltages across devices at device 
turn-off or during reapplied forward blocking voltages. 
5- Shaping of the switching trajectory of the device as it turns on and 
off. 
Series R-C Snubbers are used to protect diodes and thyristors from 
over voltages by Limiting maximum voltage and (dv/dt) at reverse 
recovery. Over voltages occur due to the stray or leakage inductance in 
  
series with the diode (and the thyristor) and the snap-off of the diode 
reverse recovery current at inverse voltages. 
 
1-2 Classification of power converters: 
 Power electronics converters can be classified as follows:   
a) Controlled and uncontrolled rectifiers: Convert a fixed voltage ac to a 
variable or fixed voltage dc (ac to dc).                          
b) Ac voltage controllers: Convert a fixed voltage ac to a variable voltage 
ac (ac to ac). 
c) Choppers: Convert a fixed voltage dc to a variable voltage dc (dc to 
dc). 
d) Inverters: Convert a fixed voltage dc to a variable or fixed voltage ac 
(dc to ac). 
e) Cycloconverters: Convert a fixed voltage and fixed frequency ac to a 
variable voltage and variable frequency ac (ac to ac).                                                  
 
1-3 Applications of power electronics: 
a) Switch mode (dc) power supplies &uninterruptible power supplies: 
Computers, communication equipments and consumer electronics require 
regulated dc power supplies and often uninterruptible power supplies. 
b) Energy conservation: Increasing energy cost and the concern for the 
environment have combined to make energy conservation a priority. One 
such application of power electronics is in operating fluorescent lamps at 
high frequencies (above 20 kHz) for higher efficiency. Other examples of 
applying power electronics to achieve energy conservation are adjustable 
speed motor drive, capacity-modulated heat pumps, and air conditions.   
c) Transportation: Electric trains and electric vehicles to reduce smog and 
pollution. 
d) Process control and factory automation: Robots in automated factories 
are powered by electric servo (adjustable-speed and position) drives. 
e) Electro-technical applications: Equipment for welding, electro-plating 
and induction heating. 
f) Utility-related applications: In transmission of power over high voltage 
dc (HVDc) lines and in the interconnection of photovoltaic and wind-
electric systems to the utility grid. 
 
1-4 simulation packages: 
  The software packages that are in common use for the analysis and 
design of power electronic are:  
 
  
a) MATLAB: 
             MATLAB is a high performance language for technical 
computing. It integrates computation, visualization, and programming 
in an easy-to-use environment where problems and solutions are 
expressed in familiar mathematical notation.                         
b) PSPICE: 
 In PSpice, many features are added to make it a multilevel 
simulator where the controllers can be represented by their behavior 
modes (their input-output behavior) without resorting to a device level 
simulation. There is an option for entering the input data by drawing the 
circuit schematic. In addition to its use in industry, PSpice has also 
become very popular in teaching undergraduate core courses in circuits 
and electronics. One of the reason for the popularity of PSpice is the 
availability and the capability to share its evaluation version freely at no 
cost. This evaluation version is very powerful for power electronics 
simulation.     
c) SIMULINK 
           In the last years, Simulink has become the most widely used 
software package in academia and industry for modeling and simulating 
dynamic systems.  
 Simulink is a software package that enables you to model, simulate and 
analyze systems whose outputs change over time. Such systems are often 
referred to as dynamic systems. Simulink can be used to explore the 
behavior of a wide range of real-word dynamic systems, including 
electrical circuits, shock absorbers, braking systems and any other 
electrical, mechanical, and thermodynamic systems. 
 Simulating a dynamic system is a two-step process with simulink. First 
you create a graphical model of the system to be simulated, using 
simulink model editor. The model depicts the time-dependent 
mathematical relationships among the system’s inputs, states, and 
outputs. Then, you use simulink to simulate the behavior of the system 
over a specified time span. Simulink uses information that you entered 
into the model to perform the simulation. 
 
 
I-5 About the thesis: 
 
The thesis is divided into five chapters. Chapter 1 is an introduction to the 
subject of power electronics. Chapter 2 describes some of the basic 
converter circuits. This is followed in chapter 3 by the methods of 
creating models using Matlab and a set of experimental details using this 
software. For comparison purposes the methods of creating models and 
  
other experiments are shown using PSpice in chapter 4. The discussions 
and conclusions of the work are presented in chapter 5. Additional 
queries to the students by the demonstrator are available at the 
Appendixes together with their model answers. 
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CHAPTER-II 
Converter circuits 
 
 
2-1 Rectifier circuits: 
In most power electronic applications, the power input is in the 
form of a 50-or 60 Hz sine wave ac voltage provided by the electric 
utility, that is first converted to a dc voltage. Increasingly, the trend to use 
the inexpensive rectifiers with diodes to convert the input ac into dc in an 
uncontrolled manner. In such diode rectifiers, the power flow can only be 
from the utility ac side to the dc side. A majority of the power electronics 
applications such as switching dc power supplies, ac motor drives, and dc 
servo drives, used such uncontrolled rectifiers. In most of these 
applications, the rectifiers are supplied directly from the utility source 
without a 50 Hz transformer. 
 In some applications such as battery chargers and a class of dc- and 
ac-motor drives it is necessary for the dc voltage to be controllable. The 
ac to controlled-dc conversion is accomplished by using line-frequency 
phase-controlled converters by means of thyristors. In the past, these 
converters were used in a large number of applications for controlling the 
flow of electric power. Owing to the increasing the availability of better 
controllable switches in high voltage current ratings, new use of these 
thyristor converters nowadays is primarily in three-phase, high-power 
applications. This is particularly true in applications where it is necessary 
or desirable to be able to control the power flow in both directions 
between the ac and the dc sides. Examples of such applications are 
converters in high-voltage dc power transmission, and some dc motor and 
ac motor drives with regenerative capabilities. 
 The output voltages of the rectifier circuits are not pure dc 
voltages, they contain ripple superimposed on their dc contents. The 
currents drawn from the ac source are not sinusoidal either; they contain a 
fundamental component and some harmonics. 
 
2-1.1 Single-phase half-wave uncontrolled rectifiers: 
The single-phase half-wave uncontrolled rectifier is the simplest 
possible rectifier arrangement. It has little practical use, but serves as an 
introduction to the subject. The switching device is diode which is turned 
on and off by the electrical circuit only, therefore it called uncontrolled 
rectifier. 
   
        
  (a)                (b) 
Fig (2.1): Single-phase half-wave uncontrolled rectifier a) circuit b) the 
output voltage and current waveforms with R & RL load respectively 
 
The harmonics present in the current drawn by the rectifier from its 
ac supply often assume considerable significance. The total harmonic 
distortion THD is  
( ) 121 −ΙΙ= ssTHD                             2-1 
Where sI  is the supply current, 1sI is the fundamental component of 
the supply current.  
 
I-1.2 Simple thyristor rectifier: 
For a given ac input voltage, the magnitude of the average output 
voltage in thyristor rectifiers can be controlled by delaying the instants at 
which the thyristors are allowed to start conduction. 
In fig (2-2-a) a thyristor connects the line-frequency source sv to a 
load. In the positive half-cycle of sv , the current is zero until ωt=α, at 
which time the thyristor is supplied a positive gate pulse of short 
duration. With the thyristor conducting so vv = .  
 
   
  (a)     (b) 
fig(2-2) Simple thyristor rectifier a) circuit b) output voltage and current 
waveforms with R & RL load respectively 
   
 
 
With back e.m.f. the circuit and the output voltage and current waveforms 
are: 
 
  
   (a)     (b) 
Fig (2-3):  Simple thyristor rectifier with back e.m.f a) circuit b) output 
voltage and current waveform   
  
2-1.3 Single-phase half-and fully controlled bridge 
Single-phase half-controlled bridge 
Half controlled bridge is one of the most widely used 
configuration, which can be used both single-phase and three-phase 
supplies. In practice the controlled arms of the bridge can be connected in 
two configurations as shown in fig (2-4). For resistive loads, both these 
configurations operate in the same manner. For complex loads, however, 
a parallel path is available for the current generated by the load 
inductance during the off periods of the thyristors. The operation of the 
bridge with a complex load will be considered for the configuration 
where the thyristors are in parallel arms of the bridge. 
 With complex load, at the end of each half-cycle of the supply 
voltage, current flow is maintained in the load circuit by the inductance of 
the load. The thyristor which has been conducting, say CSR2, continues 
to conduct, but current transfers from diode D1 to D2 so that the load 
inductive back e.m.f drives current through the bridge without including 
the reverse supply voltage. During this part of the cycle, the load current 
decays exponentially, and is unaffected by the supply voltage. When the 
other thyristor CSR1 is triggered, CSR2 is reverse biased by the supply 
voltage, and turns off. Current now flows from the supply through CSR1 
and D2 into the load. 
 If the trigger pulses are removed immediately after one thyristor 
has been triggered, this thyristor will continue to conduct as usual for the 
rest of the half-cycle of the supply. The other thyristor will not receive 
   
trigger pulses, and so will not turn on. If the load is highly inductive, with 
a time-constant much greater than one half-cycle of the supply, the first 
thyristor will still be conducting at the end of this period, and will remain 
turned on for the following forward half-cycle. The circuit will continue 
to operate in this way until the mains supply is interrupted, and the trigger 
circuit will loss control of the load current. This limitation can be 
overcome by arranging never to completely remove the trigger pulses, but 
to leave an ‘end stop’ pulse at about 170° in each half-cycle to ensure that 
each thyristor is always commutated at the end of the half-cycle. 
 
  
      
        
 
                           (a)                                                             (b) 
        
(c)                 (d) 
fig(2-4) single-phase half-controlled bridge a) and b) circuits, c)and d) 
output voltage and current waveforms with R & RL load respectively. 
 
 
The circuit to be discussed is in fig (2-4) b. 
 
 
Single-phase half-controlled bridge with flywheel diode: 
It is often convenient to supply direct current to highly inductive 
load such as motor field supplies, from the ac mains. In such 
application, it is essential to ensure that the thyristor current is 
   
commutated at the end of each half-cycle. This is usually ensured by 
using a separate flywheel diode, or by flywheel-diode action within the 
bridge.  
If a flywheel diode is added to the half-controlled bridge fig(2-5), 
the load current is transferred to the flywheel diode at the end of each 
half- cycle of the supply. The load current waveforms for a complex 
load are similar to those of half-controlled bridge without flywheel 
diode, but the exponential decay part of the load current is carried by 
the flywheel diode in this case. The addition of the flywheel diode 
ensures that each thyristor turns off at the end of each half-cycle, so 
that there is no risk of conduction carrying over into the next half-
cycle. The load current, therefore, is always under the control of the 
trigger circuit, and there is no need to provide ‘end stop’ pulses. 
 
   
 
fig (2-5) half-controlled bridge with flywheel diode 
 
 
Single-phase fully controlled bridge: 
In the circuit of single-phase fully controlled bridge (fig 2-6) each 
arm of the bridge contains a thyristor. During the forward conduction part 
of the cycle, the voltage and current waveforms are similar to those of the 
half-controlled bridge. During the reverse half-cycle, however the load 
cannot recirculate through a flywheel diode or bridge diode, but must 
continue to flow through the same thyristors and the supply impedance. 
The load current is therefore forced by the reverse supply voltage to 
decay more rapidly between forward conduction periods than in the half-
controlled bridge. 
  
   
 
 
   (a)     (b) 
Fig (2-6) single-phase fully controlled bridge a) circuit b) the output 
voltage and current with R load, and RL load discontinuous and 
continuous current respectively. 
 
2-2 Three-phase diode rectifier circuits: 
2-2.1 Three-phase half-wave diode rectifier circuits: 
 The simple three-phase, half-wave, diode rectifier circuit consist of 
three diodes is shown in fig (2-7). The diodes conduct in the sequence 
D1, D2, D3, D1… They conduct one at a time for 120° intervals. At any 
time the diode whose anode is at the highest instantaneous supply voltage 
will conduct. For example, during the interval 30° < ωt < 150°, νAN is 
higher than νBN and νCN.  Therefore during this interval, diode D1 
conducts. When D1 conducts the voltages across D2 and D3 are νBA and 
νCA respectively. Diodes D2 and D3, therefore, remain reverse-biased, and 
the output load voltage νo is the same as the input phase voltage νAN.  
 
 
   (a)     (b) 
Fig (2-7) Three-phase half-wave diode rectifier a) circuit, and b) 
waveform 
   
 
 
2-2.2 The effect of supply inductance: 
In all last rectifier circuits the supply inductance is neglected. If 
now we include Ls at the ac side and assuming a constant output dc 
current Id fig (2-8-a). Now the commutations will not be instantaneous. 
We will look at only one of the current commutations because the others 
are identical in a balanced circuit. Consider the commutation of current 
from D3 to D1 in fig (2-8-a), beginning at ωt = Л/6. Prior to this the 
current Id is flowing through D3 fig (2-5-b) shows the sub circuit 
pertinent to this current commutation. The current flowing through D1(iu)  
built up due to the short-circuit path provided by the connection of D3. At 
the end of the commutation period iu(ωtu)=Id, and ic=0. thus D3 stops 
conducting. 
 The output voltage during the commutation interval is 
( ) 22 BNCNANo vvvv −=+= . 
 And the voltage drop during the commutation interval is (Lsdiu/dt). And 
there are three commutation intervals per cycle, therefore, the average 
output voltage drop due to commutation is 
π23 dd wLIV =∆   2-2 
 
 
 
 
  (a)    (b) 
 
  (c) 
Fig (2-8) a) circuit, b) sub circuit to current commutation during overlap 
period, c) output voltage and current waveforms.  
 
   
 
2-2.3 Three-phase full-bridge diode rectifier circuits: 
 
 In industrial applications where three-phase ac voltages are 
available, it is preferable to use the three-phase rectifier circuits, 
compared to single-phase rectifiers, because of their lower ripple content 
in the waveforms and a higher power-handling capability. The three-
phase bridge diode rectifier fig (2-9) is a commonly used circuit 
arrangement. With Ls = 0, the current Id flows through one diode from 
the top group and one from the bottom group. In the top group the diode 
with its anode at the highest potential will conduct the other two become 
reverse biased. In the bottom group the diode with its cathode at the 
lowest potential will conduct the other two become reversed biased. 
 The instantaneous waveform of vd consists of six segments per 
cycle of line frequency. Hence this rectifier often termed a six-pulse 
rectifier. Each segment belongs to one of the six line- line voltage 
combinations. And each diode conducts for 120°. 
 The commutation of current from one diode to the next is 
instantaneous, based on the assumption of Ls = 0. The diodes are 
numbered in such a way that they conduct in the sequence 1, 2, 3,…. 
 
 
 
 
 
 
 
 
 
 
fig (2-9) three-phase full-bridge diode rectifier 
 
 
2-3 Ac Controllers (ac-ac converters): 
There are various configurations of single-phase and three-phase 
converters. Fig (2-10-a) shows the simplest phase controller consisting of 
a thyristor and a diode in an inverse-parallel configuration. This circuit 
does not operate as a true ac-ac converter because a dc component is 
introduced when the thyristor is controlled. This makes the circuit 
suitable for transformerless applications only. Also, the dc component 
introduced into the ac line restricts the use of this circuit to low power 
levels. The other circuits exhibit true ac performance (no dc component).  
   
 For symmetrical control when the load is inductive or the primary 
winding of a transformer, equal trigger angles for both thyristors are 
essential to prevent saturation of inductive load or transformer core. 
 The circuit shown in fig (2-10-c) needs isolated gate signals, but 
the thyristors of the circuit of fig (2-10-e) can be controlled by the same 
trigger pulse because of the common cathode connection of the two 
thyristors. This results in a simplified trigger circuit. The two diodes will 
remove any reverse voltage from the thyristor, but the circuit efficiency is 
reduced by the additional power loss in diodes. 
 In the circuit shown in fig (2-10-f) uses one thyristor for both the 
positive and negative half-cycles of the supply waveform, and so ensures 
the optimum utilization of the thyristor current capability (reduced form 
factor). The reduction in efficiently caused by the sum of the voltage 
drops across the diodes and thyristor, however, may be a drawback in 
certain low-voltage applications. Thyristor turn-off is sometimes a 
problem because the anode voltage never drops below zero, and for this 
reason the circuit is used only where circuit values and thyristor turn-off 
times are accurately known.  
 In all these circuits, it is desirable that the thyristor working voltage 
rating should be at least equal to the crest value of the supply voltage. In 
practice, values of twice this figure are used to prevent transients causing 
the thyristor to conduct by means of forward break over. 
 Normally in line commutated converters, commutation is achieved 
by the action of supply voltage as negative voltage across a conducting 
thyristor when the next thyristor is turned on. Conduction of a thyristor in 
the power discussed does in no way have effect on providing firing pulse 
to thyristor. But in the case of the ac voltage controller in fig (2-10-c), the 
situation is different. A conducting thyristor actually provides a negative 
voltage drop (0.8V) across the non conducting one. Therefore, until the 
current through the conducting thyristor is zero, the nonconducting 
thyristor cannot be fired. So there is no special commutation taking place 
in this circuit. Some books describe this as natural commutation. Strictly 
speaking, there is no commutation taking place that is at every firing of 
thyristor, the current builds up from zero value. 
 
                      
(a)     (b) 
   
 
(c)    (d) 
 
 
             
(e)      (f)    
Fig (2-10) AC controller (a) thyristor with inverse parallel diode (c) 
inverse parallel thyristor pair (e) inverse parallel thyristor-diode pairs (f) 
diode bridge with thyristor. 
 
2-4 Dc to Dc converters (Choppers): 
The dc to dc converters are widely used in regulated switch-mode power 
supplies and in dc motor drive applications. The input to these converters 
is, often, an unregulated dc voltage, which is obtained by rectifying the 
line voltage, and therefore it will fluctuate due to changes in the line-
voltage magnitude. Switching-mode dc to dc converters are used to 
convert the unregulated dc input into a controlled dc output at a desired 
voltage level. 
 There are several kinds of dc to dc converters  
i. Step-down (buck) converter. 
ii. Step-up (boost) converter. 
iii. Step-down / Step-up (buck- boost) converter.  
iv. Cuk converter. 
v. Full-bridge converter. 
Of these five converters only the Step-down and the Step-up are 
the basic converter topologies, and will be used in the experiment. Both 
the buck- boost and the Cuk converters are combinations of the two basic 
   
topologies. The Full-bridge converter is derived from the Step-down 
converter. 
 
2-4.1 Step-down (buck) converter: 
As the name implies, a step-down converter produces a lower average 
output voltage than the dc input voltage Vd. Its main application is in 
regulated dc power supplies and dc motor speed control. 
 The basic circuit of fig(2-11-a) constitutes a step-down converter 
for a purely resistive load. Assuming an ideal switch, a constant 
instantaneous input voltage, and a purely resistive load, the instantaneous 
output voltage is shown in fig (2-11-b) 
 
 
  
  (a)     (b) 
Fig (2-11) Simple step-down chopper a) circuit b) output voltage 
waveform 
 
The average output voltage can be calculated in terms of the switch duty 
ratio  
do DVV =    2-3 
Where son TTD =  
 
By varying the duty ratio D  of the switch, oV can be controlled. 
Another important observation is that the average output voltage oV  
varies linearly with the control voltage, as is the case in linear amplifier. 
In actual applications, the foregoing circuit has two draw backs; first in 
practice the load would be inductive. Even with resistive load, there 
would always be certain associated stray inductance. This means that the 
switch would have to absorb (or dissipate) the inductive energy and 
therefore it may be destroyed. Second the output voltage fluctuates 
between zero and dV , which is not acceptable in most applications. The 
problem of stored energy is overcome by using a diode. The output 
voltage fluctuations are very diminished by using a low-pass filter L&C 
fig (2-12). The values of L&C are chosen so that the corner frequency of 
   
the filter cf is less than the switching frequency sf , to minimize the output 
voltage ripple. 
Where LCfc π21=     
    
 
 
Fig (2-12) step-down circuit  
 
 
converter) boost(up - Step4.2-2 
 The circuit is shown in fig (2-13). Its main application is in 
regulated dc power supplies and the regenerative braking of dc motors. 
As the name implies the output voltage is always greater than the supply 
voltage. When the switch is on, the inductor L is connected to the supply 
dV  and dl VV = . The inductor current increases linearly. When the switch 
is off, the inductor current is forced to flow through the diode and the 
load, the inductor current decreases linearly. The output stage, therefore 
receives energy from the inductor as well as from the input supply. The 
output filter capacitor is assumed to be very large to ensure a constant 
output voltage ( ) oo Vtv = , to minimize the output voltage ripple the 
output stage time constant (RC) most be grater than the switching time 
(Ts).  
 
 
 
 Fig (2-13) step-up chopper 
   
)VSI(Voltage source inverters 5 -2  
 Switch-mode dc-to-ac inverters are used in ac motor drives and 
uninterruptible ac power supplies where the objective is to produce a 
sinusoidal ac output whose magnitude and frequency can both be 
controlled. The input of the switch-mode dc-to-ac inverters is a dc supply 
which can be a battery or the output of a controlled rectifier. Such 
inverters are referred to as voltage source inverters (VSIs). Both single-
phase and three-phase (VSIs) are used in industry, but only the single-
phase is to be simulated here. The other types of inverters, now used only 
for very high power ac motor drives, are the current source inverters 
(CSIs), where the dc input to the inverter is a dc current source. 
The (VSIs) can be divided into the following three general categories  
 
2-5-1 pulse-width-modulated inverters:  
In these inverters, the input dc voltage is essentially constant in 
magnitude, and the inverter must control the magnitude and the frequency 
of the ac output voltages. This is achieved by PWM of the inverter 
switches. Such inverters are called (PWM) inverters. There are various 
schemes to pulse-width modulate the inverter switches in order to shape 
the ac output voltages to be as close to a sine wave as possible. The 
common use scheme is sinusoidal PWM. 
 
2-5-2 Square-wave inverters:  
In these inverters, the input dc voltage is controlled in order to control 
the magnitude of the ac output voltage, and therefore the inverter has to 
control only the frequency of the output voltage. The ac output voltage 
has a waveform similar to a square wave, and hence these inverters are 
called square wave inverters. 
 
2-5-3 single-phase inverters with voltage cancellation: 
In case of inverters with single-phase output, it is possible to 
control the magnitude and the frequency of the inverter output voltage, 
even though the input to the inverter is a constant dc voltage and the 
inverter switches is not Pulse-width modulated, and hence the output 
voltage wave shape is like a square wave. Therefore these inverters 
combine the characteristics of the previous two inverters. The voltage 
cancellation technique works only with the single-phase inverters and not 
the three-phase inverters. 
 
   
Here only a single-phase square-wave inverter is simulated using 
full bridge inverter fig (2-14).  
 
 
 
  (a)      (b) 
Fig (2-14) Square-wave full bridge inverter a) circuit, b) waveform 
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CHAPTER-III  
Simulink atlab using Ma modelCreating  
 
3-1 How to create a model using MATLAB Simulink: 
 
 To create a model first select simulink icon from the MATLAB 
window. To create new model select model from the New submenu from 
the file menu, or select New Model button on the Library Brower’s 
toolbar. To create the model you need to copy blocks into the model from 
their libraries. 
 For example to copy a diode, from the Library Brower first expand 
the Library Brower tree to SimPowerSystems then select Power 
Electronics to display the blocks in Power Electronics library. Now click 
the diode node to select the diode block here how the Library Brower 
should look doing this.  
 
 
fig(3-1) 
 
Now drag the diode block from the Brower and drop it in the 
model window. Simulink creates a copy of the diode block at the point 
where you dropped the nod icon. Copy the rest of the blocks in a similar 
   
manner from their respective libraries into the model window. You can 
move a block from one place in the model window to another by 
dragging the block, and you can move a block a short distance by 
selecting the block, then pressing the arrow keys. Now it is time to 
connect the blocks. To connect the output of the source to the input of the 
diode, position the pointer over the output port of the source hold down 
the mouse button and move the curser to the input port of the diode, now 
release the mouse button, the blocks are connected. To connect two 
inputs you have to use a connecter block. Continue connecting the circuit.  
 
       
 
fig(3-2) 
 
Before running the simulation you have to load the desert values 
for each block if possible. To have a pure resistive load of 14Ω, the series 
RLC branch will have a values (R=14, L=0, C=inf). Now select the Run 
button from the model window.   
   
3-2 Experiment listing using Matlab 
 
3-2-1 Experiment 1: half-wave diode rectifier:   
 
 
Objectives:  
 
To study the output voltage and current waveforms, for resistive 
and inductive loads, for the simple half-wave diode rectifier. 
 
Introduction: 
 
 A rectifier is an apparatus for deriving a dc power from an ac 
supply. A single diode connecting an ac supply to a load is the 
simblest possible rectifier arrangement. 
 If the load is purely resistive (Ll=0), the diode conducts when 
the supply voltage biasses it in the forward direction, the half positive 
cycle, and the output voltage follows the supply voltage. In the second 
half cycle, the negative half cycle, the diode is reverse biased and acts 
as an off switch; therefor the output voltage becomes equal zero. If the 
load inductance is assumed to be infinit, any current that flows in the 
diode must be completely smooth, and therefore continuous, this mean 
that the ac supply was connected to the load throughout the whole of 
each cycle, and the mean load voltage would be zero. If the load 
inductance has finit value, when the diode is forward biased the 
current begins to flow and sl VV = ,  and it continues to flow for a 
while even after Vs becomes zero due to the stored energy in the 
inductor, and become zero at β, at which the current becomes zero, 
(Л<β<2Л). Thus a part of the negative half cycle apears in the output 
voltage. 
 
Required blocks: 
 
Simulink/Signal Routings Lib/Mux. 
Simulink/Sinks Lib/Scope. 
Simulink/Sinks Lib/Display. 
SimPowerSystems/Connectors Lib/Ground(input)& Ground(output). 
SimPowerSystems/Electrical Sources Lib/AC Voltage Source. 
SimPowerSystems/Elements Lib/Series RLC Branch. 
   
SimPowerSystems/Extra Library/Discrete Measurements Lib/Discrete 
Mean Value 
SimPowerSystems/Extra Library/Measurements Lib/Fourier& RMS& 
Total Harmonic Distorsion. 
SimPowerSystems/ Measurements Lib/Current Measurement& Voltage 
Measurement. 
SimPowerSystems/Power Electronic Lib/Diode. 
 
Theory: 
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Procedure: 
 
Build the circuit in fig(Ex1-1) as shown in the simulink circuit 
fig(Ex1-2) with a supply voltage (Vm=220, f=50Hz) and a pure resistive 
load of 14Ω, , set the diode RC snubber to 100Ω, 4.7µF.Observe the 
waveforms of the output (and diode)voltage and current. Measure the 
mean and the r.m.s. values of the output voltage, the r.m.s. value of the 
input current, the magnitude and the phase of the fundamental component 
of the input current,the total harmonic distortion of input current, the 
input active (and reactive) power. 
Repeat with loads: (R=14Ω, L=10mH), (R=5Ω, L=1mH), (R=0Ω, 
L=1mH).  
For the load (R=14Ω, L=1mH) change the diode snubber circuit resistor 
value from 100Ω to 10Ω, what is the effect on the output waveforms? 
 
: diagrams 
The circuit and Simulink Circuit using matlab for the experiment are: 
 
 
Fig (Ex1-1) 
 
Fig (Ex1-2) 
   
Report: 
 
• Sketch the waveforms of the rectifier output voltages, and currents. 
• Calculate the mean and the r.m.s. values of the output voltages. 
• Calculate the ripple factor of the output voltages. 
• Calculate the total harmonic distortion of the input current.  
• Calculate the input active power and the power factor. 
• Compare the Calculated values and the simulation values. 
• Comment on the results.  
 
Waveforms: 
 
Load (R=14Ω, L=0H)  
 
  
Load (R=14Ω, L=10mH)  
  
 
RL=(5 Ω,1mH) 
 
  
RL=(0 Ω,1mH) 
    
 
RC=(10Ω,4.7uF) & RL=(14Ω,10mH)  
            
  
 
Results: 
 
bita THD Qin Pin phay1 Is1m Isr.m.sIodc Vor.m.s Vodc R,L 
3.1415930.9939 -15.764 862.31.057.84047.81664.962109.43 69.468  14,0 
3.2044250.9947 3.1215 861.89-0.2077.83547.81474.9625109.43 69.473 14,1e-3 
3.2672560.99878 130.056 2397.4-3.11721.82721.81413.88109.28 69.404 5,1e-3 
5.6548671.3194 74763 6895.8-84.73682.55799.04636.47153.27 0.0294 0,1e-3 
 
Calculated 
RF THD Vr.m.s. Vdc(Theor)R,L 
1.2171430.99392 11070.02817 14,0 
1.2169960.994709 110.002969.95908 14,1e-3 
1.2162260.998808 110.023169.75208 5,1e-3 
5213.2651.319443 153.66046.687096 0,1e-3 
 
 
 
 
3-2-2  Experiment 2:  Simple half-wave thyristor rectifier:      
 
 
Objectives: 
 
To study the output voltage and current waveforms, at different values of 
the firing angle α, for resistive and inductive loads, for the simple half-
wave thyristor rectifier. 
 
Introduction: 
For a given ac input voltage, the magnitude of the average output 
voltage in thyristor rectifiers can be controlled by delaying the instants at 
wich the thyristors are allowed to start conduction. 
 In fig (Ex2-1) if a thyristor connects the line-frequency source vs to 
a resistive load. In the positive half-cycle of vs, the current is zero 
till αω =t , at which time the thyristor is supplied by positive gate pulse 
of short duration. With the thyristor conducting sl VV = . For the rest of 
the positive half-cycle, the current waveform follows the ac voltage 
waveform and becomes zero at πω =t . Then the thyristor blocks the 
current from flowing during the negative half-cycle of vs. The current 
stays zero until απω +=t , at which time another short-duration gate 
pulse is applied and and the next cycle of the waveform begins. 
 In fig (Ex2-1) if the load consists of both R and L, initialy the 
current is zero. The thyristor conduction is delayed until wt=α. Then the 
current begins to flow and vo=vs. and it continues to flow for a while 
  
even after vs becomes zero due to the stored energy in the inductor, and 
become zero at α+β, called conduction angle, (Л<α+β<2Л). Thus a part 
of the negative half-cycle, befor the current becomes zero, appear in the 
output waveform. 
If the load consist of a dc voltage Ed in addition to the series R-L 
fig(Ex2-2), with the current initially zero, the thyristor is reverse biased 
until αω =t  . The load voltage has a value of Eb when the thyristor is in 
the off state, and sV when the thyristor is in the on state.      
 
Required blocks: 
Simulink/Signal Routings Lib/Mux. 
Simulink/Sinks Lib/Scope. 
Simulink/Sinks Lib/Display. 
Simulink/ Sources Lib/Pulse Generator. 
SimPowerSystems/Connectors Lib/Ground(input)& Ground(output)&L 
Connector. 
SimPowerSystems/Electrical Sources Lib/AC Voltage Source& DC 
Voltage Source. 
SimPowerSystems/Elements Lib/Series RLC Branch. 
SimPowerSystems/Extra Library/Discrete Measurements Lib/Discrete 
Mean Value. 
SimPowerSystems / Extra Library/Measurements Lib/Fourier& RMS& 
Total Harmonic Distorsion. 
SimPowerSystems/Measurements Lib/Current Measurement& 
VoltageMeasurement.  
SimPowerSystems/Power Electronics Lib/Thyristor. 
 
 
Theory: 
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Procedure: 
 Build the circuit in Fig(Ex2-1)as shown in the simulink circuit 
Fig(Ex2-3), with a supply voltage (Vm=220, f=50Hz).  
 (a)  With pure resistive load of 14Ω, setting α=0.2Л, that is the phase 
shift of the pulse generator =0.002, observe the waveforms of the output 
(and thyristor) voltage and current, and measure the mean and the r.m.s. 
values of the output voltage, the r.m.s. value of the input current, the 
magnitude and the phase of the fundamental component of the input 
  
current, the total harmonic distortion of input current, the input active 
(and reactive) power. 
(b) Repeat with loads: (R=14Ω, L=1mH), (R=5Ω, L=10mH), (R=0Ω, 
L=1mH).   
(c) For  α=0.5Л, and α=2/3Л repeat step (a) and (b). 
(d) For the load (R=5Ω, L=10mH) and α=0.2Л change the thyristor 
snubber circuit resistor value from 100Ω to 10Ω, what is the effect on the 
output waveforms? 
(e) Build the circuit in Fig(Ex2-2)as shown in the simulink circuit 
Fig(Ex2-4), with a supply voltage (Vm=220, f=50Hz) and a load 
RL=(1,100mH), Eb=60V. With pulse width 1% change α till the thyristor 
reach the on state that is αmin. With α=0.2 Л, and α=0.8Л observe the 
waveforms of the output (and thyristor) voltage and current, and measure 
the mean value of the output voltage, and the input active (and reactive) 
power. Repeat determination of minα  with pulse width 10%. 
 
Circuit diagrams: 
 
 
                   Fig (Ex2-1)    Fig (Ex2-2) 
 
 
Fig (Ex2-3) 
  
 
Fig(Ex2-4) 
 
Report: 
 
• Sketch the waveforms of the rectifier output voltages, and currents. 
• Calculate the ripple factor of the output voltages. 
• Calculate the total harmonic distortion. 
• Calculate the mean value of the output voltages. 
• Calculate the input active power and the power factor. 
• Calculate αmin. 
• Compare the calculated values and the simulation values. 
• Comment on the results. 
 
α=.2Bi 
RL=(14Ω,10mH)      RL=(0,1mH) 
  
  
 
RL=(5Ω,10mH)  Rs=100Ω, Cs=4.7µF      Rs=10Ω, Cs=4.7µF 
  
 
RL=(1,100m), Eb=60V, α=0.002s,             α=0.008s 
  
  
Results: 
 
bita THD Qin Pin phay1 Is1m Isr.m.s Iodc Vor.m.s Vodc 
R,L\α=.2
Bi 
3.1415931.223220.47 602.73-20.095.83446.51733.28691.243 46.01 14,0 
3.1730091.2154233.55 597-21.3665.82786.48573.302691.244 46.007 14,1e-3 
3.2672561.1909763.49 1627.1-25.1416.33917.9679.150891.201 45.505 5,1e-3 
5.0265481.032152869 518.87-89.44480.65488.42337.06129.33 -0.249 0,1e-3 
bita THD Qin Pin phay1 Is1m Isr.m.s Iodc Vor.m.s Vodc 
R,L\ α 
=.5Bi 
3.1415931.395246.5 436.74-29.444.55915.53332.518677.466 35.26 14,0 
3.1730091.3825255.86 430.43-30.734.55225.49222.535377.467 35.252 14,1e-3 
3.235841.3356807.2 1158.2-34.8712.83415.1416.99777.42 34.723 5,1e-3 
4.7123891.00138063 307.52-89.54346.03346.2219.87109.94 -0.2806 0,1e-3 
bita THD Qin Pin phay1 Is1m Isr.m.s Iodc Vor.m.s Vodc 
R,L\ α 
=2Bi/3 
3.1415931.9244177.53 173.36-45.682.25573.4591.280848.427 17.931 14,0 
3.1730091.8969180.98 168.61-47.032.24863.40951.28648.428 17.915 14,1e-3 
3.235841.7416569.56 437.57-52.476.52959.27253.504648.361 17.441 5,1e-3 
4.1783181.130314819 89.76-89.65134.72143.7775.18668.951 -1.0885 0,1e-3 
 
 
Calculated      
RF THD 
Vdc R,L\a=.2
Bi 
1.3602421.037454 63.341 14,0 
1.3610271.035223 63.324 14,1e-3 
1.3710771.066354 63.065 5,1e-3 
945.99951.231064 2.803 0,1e-3 
RF THD 
Vdc R,L\a=.5
Bi 
1.9562161.395009 35.014 14,0 
1.9568081.382481 34.997 14,1e-3 
1.9928171.335535 34.859 5,1e-3 
391.8021.000982 0 0,1e-3 
RF THD 
Vdc R,L\a=2Bi
/3 
2.5087861.9243 17.507 14,0 
2.5114421.89689 17.490 14,1e-3 
2.5862351.741646 17.352 5,1e-3 
63.337081.130368 0.317 0,1e-3 
 
 
3-2-3 Experiment 3 Single-phase half-and full controlled 
bridge:    
 
 
Objectives: 
 To study the output (& the switching devices) voltage and current 
waveforms, at different values of the firing angle α, for resistive and 
  
inductive loads, for the single-phase half-and full controlled bridge, and 
to study the effect of adding a flywheel diode in the results. 
 
Introduction: 
 Half controlled bridge is one of the most widely used 
configurations, which can be used with both single-phase and three-phase 
supplies. In practice the controlled arms of the bridge can be connected in 
two configurations. The operation of the bridge with a complex load will 
be considered for the configuration where the thyristors are in parallel 
arms of the bridge fig(Ex3-1). 
With complex load, at the end of each half-cycle of the supply voltage, 
current flow is maintained in the load circuit by the inductance of the 
load. The thyristor which has been conducting, say CSR2, continues to 
conduct, but current transfers from diode D1 to D2 so that the load 
inductive back e.m.f drives current through the bridge without including 
the reverse supply voltage. 
  If a flywheel diode is added to the half-controlled bridge fig (Ex3-
2), the load current is transferred to the flywheel diode at the end of each 
half- cycle of the supply. The load current waveforms for a complex load 
are similar to those of Half-controlled bridge without flywheel diode, but 
the exponential decay part of the load current is carried by the flywheel 
diode in this case.  
 In the circuit of single-phase fully controlled bridge fig(Ex3-3), 
each arm of the bridge contains a thyristor. During the forward 
conduction part of the cycle, the voltage and current waveforms are 
similar to those of the half-controlled bridge. During the reverse half-
cycle, however the load cannot reciculate through a flywheel diode or 
bridge diode, but must continue to flow through the same thyristors and 
the supply impedance. The load current is therefore forced by the reverse 
supply voltage to decay more rapidly between forward conduction 
periods than in the half-controlled bridge. 
 
Required blocks: 
Simulink/Signal Routings Lib/Mux. 
Simulink/Sinks Lib/Scope. 
Simulink/ Sources Lib/Pulse Generator. 
SimPowerSystems/Connectors Lib/Ground(input)& Ground(output)& T 
Connector. 
SimPowerSystems/Electrical Sources Lib/AC Voltage Source. 
SimPowerSystems/Elements Lib/Series RLC Branch. 
  
SimPowerSystems/Extra Library/Discrete Measurements Lib/Discrete 
Mean Value. 
SimPowerSystems / Extra Library/Measurements Lib/Fourier& RMS& 
Total Harmonic Distorsion. 
SimPowerSystems/Measurements Lib/Current Measurement& 
VoltageMeasurement.  
SimPowerSystems/Power Electronics Lib/Diode& Thyristor. 
 
Theory: 
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R&RL loads 
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Procedure: 
 Build the circuit in fig(Ex3-1)as shown in the simulink circuit 
fig(Ex3-4), with a supply voltage (Vm=220, f=50Hz).  
(a)  With pure resistive load of 14Ω, setting α=0.5Л, that is the phase 
shift of the pulse generator1 =0.005, observe the waveforms of the output 
(and thyristors and diodes) voltages and currents, and measure the mean 
and the r.m.s. values of the output voltage, the r.m.s. value of the input 
current, the magnitude and the phase of the fundamental component of 
the input current, the total harmonic distortion of input current, the input 
active (and reactive) power. 
(b) Repeat with loads: (R=14Ω, L=10mH), (R=5Ω, L=1mH), (R=0.1Ω, 
L=1mH).   
(c) For  α=3Л/4 repeat step (a) and (b). 
(d)With (R=5Ω, L=1mH) load adding flywheel diode fig(Ex3-5) repeat 
step (a). 
(e) Build the circuit in fig(Ex3-3)as shown in the simulink circuit 
fig(Ex3-6), with a supply voltage (Vm=220, f=50Hz). Repeat steps (a), 
(b) and (c).  
 
 
  
Circuit diagrams:   
     
    fig(Ex3-1)       fig(Ex3-2) 
 
  
 
  fig(Ex3-3) 
 
 
 
 fig(Ex3-4) 
 
  
 
fig(Ex3-5) 
 
fig(Ex3-6) 
 
Report: 
 
• Sketch the waveforms of the rectifier output voltages, and currents. 
• Calculate the ripple factor of the output voltages. 
• Calculate the total harmonic distortion. 
• Calculate the mean value of the output voltages. 
• Calculate the input active power and the power factor. 
• Compare the calculated values and the simulation values. 
• Comment on the results. 
 
 
  
Waveforms: 
Half controlled bridge α=0.5Л  
     RL=(14,0) 
 
RL=(14,10mH) 
  
RL=(5,1mH) 
 
RL=(0.1,1mH) 
 
  
Flywheel diode 
 
Full bridge   α=0.75Л 
RL=(14,0) 
 
  
RL=(14,10mH) 
RL=(5,1mH) 
 
  
    RL=(.1,1mH) 
 
Results: 
A 
 
THD Qin Pin phay1 Is1m Isr.m.s Iodc Vor.m.s Vodc R,L, 0.5Pi 
0.64846536.41 869.64 -31.79.2897.8284.934108.66 69.08 14,0 
0.6318554.9 859.95 -32.89.3047.7824.968108.83 69.07 14,1e-3 
0.610971639.6 2303.2 -35.425.70121.29713.808108.57 68.51 5,1e-3 
0.4858247804 41625 -49576.24453570.48101.91 56.5 0.1,1e-3 
THD Qin Pin phay1 Is1m Isr.m.s Iodc Vor.m.s Vodc R,L, 0.75Pi 
1.2981265.07 168.11 -57.62.8543.3061.43745.93 20.12 14,0 
1.2572269.34 163.34 -58.82.8643.2531.4646.13 20.1 14,1e-3 
1.2116762.33 398.64 -62.47.8218.6874.61746.03 19.72 5,1e-3 
1.09739721.1 3508.3 -70.293.9598.63157.2844.9 15.38 0.1,1e-3 
 
B 
 
 
C 
THD Qin Pin phay1 Is1m Isr.m.s Iodc Vor.m.s Vodc 
R,L, 
0.5Pi 
0.66065518.48883.86 -30.49.3167.8954.942108.97 69.19 14,0 
0.64501536.89871.34 -31.69.3047.8294.975108.97 69.15 14,1e-3 
0.613761630.92320.9 -35.125.78721.39513.843108.94 68.67 5,1e-3 
0.14625185512718 -76.2485.38346.86290.15132.18 28.47 0.1,1e-3 
THD phay1 Is1m Isr.m.s Iodc Vor.m.s Vodc fD, 0.5Pi 
0.55151-48.919.78 15.9713.68108.7368.045,1e-3 
  
THD Qin Pin phay1 Is1m Isr.m.s Iodc Vor.m.s Vodc 
R,L, 
0.75Pi 
1.3691249.76174.64 -552.7713.3211.42946.18 20.01 14,0 
1.3294252.68168.55 -56.32.7613.2481.45246.19 19.99 14,1e-3 
1.2287751.81404.58 -61.77.7618.6944.00843.19 19.67 5,1e-3 
0.6885  -85.699.26984.8452.37559.12 4.93 0.1,1e-3 
 
Calculated 
 
RF THD Vdc R,L, 0.5Pi 
1.2141660.64834 70.0281749614,0 
1.2176480.631806 70.0281749614,1e-3 
1.229380.610986 70.028174965,1e-3 
1.5011310.485802 70.028174960.1,1e-3 
RF THD Vdc R,L, 0.75Pi
2.0521191.29756 20.5107775714,0 
2.0657051.257057 20.5107775714,1e-3 
2.109121.211376 20.510777575,1e-3 
2.7427641.097369 20.510777570.1,1e-3 
 
RF THD Vdc fD, 0.5Pi 
1.2464760.55111670.028174965,1e-3 
 
RF THD Vdc R,L, 0.5Pi 
1.216730.66060670.0281749614,0 
1.2179090.64508269.9936202814,1e-3 
1.2315650.61379469.717387445,1e-3 
4.5338090.14611739.361673130.1,1e-3 
RF THD Vdc R,L, 0.75Pi
2.0799411.36847720.5107775714,0 
2.0830571.32957320.5021383714,1e-3 
1.9547961.22872720.199990055,1e-3 
11.950120.67885510.758795870.1,1e-3 
 
3-2-4 Experiment 4 Three-phase diode rectifier circuits     
 
Objectives: 
 
 To study the output voltage and current waveforms, for resistive 
and inductive loads, for the simple three-phase half-wave diode 
rectifier and the three-phase bridge diode rectifier. And to study the 
effect of supply inductance on the results. 
 
Introduction: 
 In industrial applications where three-phase ac voltages are 
available, it is preferable to use the three-phase rectifier circuits, 
  
compared to single-phase rectifiers, because of their lower ripple content 
in the waveforms and a higher power-handling capability. 
 The simple three-phase, half-wave, diode rectifier circuit consist of 
a three diodes is shown in fig(Ex4-1) the diodes conduct in the sequence 
D1, D2, D3, D1,…. They conduct one at a time for 120° intervals. At any 
time the diode whose anode is at the highest instantaneous supply voltage 
will conduct. For example, during the interval 30° < wt < 150°, νAN is 
higher than νBN and νCN.  Therefore during this interval, diode D1 
conducts. When D1 conducts the voltages across D2 and D3 are νBA and 
νCA respectively. Diodes D2 and D3, therefore, remain reverse-biased, and 
the output load voltage νo is the same as the input phase voltage νAN. The 
current drawn from the supply in pulses of 2Л/3 radians intervals. 
 In all last rectifier circuits the supply inductance is neglected. If 
now we include Ls at the ac side and assuming a constant output dc 
current Id fig(Ex4-2). Now the commutations will not be instantaneous. 
We will look at only one of the current commutations because the others 
are identical in a balanced circuit. Consider the commutation of current 
from D3 to D1 in fig(Ex4-2), beginning at wt = Л/6. Prior to this the 
current Id is flowing through D3. The current flowing through D1(iu)  
built up due to the short-circuit path provided by the connection of D3. At 
the end of the commutation period iu(wtu)=Id, and ic=0. Thus D3 stops 
conducting. 
 The output voltage during the commutation interval is (va+vc)/2=-
vb/2. And the voltage drop during the commutation interval is (Lsdiu/dt). 
And there are three commutation intervals per cycle; therefore, the 
average output voltage drop due to commutation is 3wLsId/2Л  
 The three-phase bridge diode rectifier fig(Ex4-3)  is a commonly 
used circuit arrangement. With Ls = 0, the current Id flows through one 
diode from the top group and one from the bottom group. In the top group 
the diode with its anode at the highest potential will conduct the other two 
become reversed biased. In the bottom group the diode with its cathode at 
the lowest potential will conduct the other two become reversed biased. 
The instantaneous waveform of vd consists of six segments per cycle of 
line frequency. Hence this rectifier often termed a six-pulse rectifier. 
Each segment belongs to one of the six line- line voltage combinations. 
And each diode conducts for 120°. 
  
 
Required blocks: 
 
Simulink/Signal Routings Lib/Mux. 
Simulink/Sinks Lib/Scope. 
  
SimPowerSystems/Connectors Lib/Ground(input)& Ground(output)& T 
Connector. 
SimPowerSystems/Electrical Sources Lib/AC Voltage Source. 
SimPowerSystems/Elements Lib/Series RLC Branch. 
SimPowerSystems/Extra Library/Discrete Measurements Lib/Discrete 
Mean Value. 
SimPowerSystems / Extra Library/Measurements Lib/Fourier& RMS& 
Total Harmonic Distorsion. 
SimPowerSystems/Measurements Lib/Current Measurement& 
VoltageMeasurement.  
SimPowerSystems/Power Electronics Lib/Diode& Universal Bridge. 
 
Theory: 
 
3-ph half-wave 
pmpmdc VVV ππ
π
2
33
3
3
sin
0 ==          ___________Ex4-1 
 
3-ph bridge 
pmpmdc VVV ππ
π
33
3
3
sin
20 ==          ___________Ex4-2
  
         ___________Ex4-3 
    
1
2
11
−⎟⎟⎠
⎞
⎜⎜⎝
⎛=Σ=
s
s
s
sh
I
I
I
I
THD         ___________Ex4-4 
 
11
1 coscos. φφ g
VI
VIFP
srms
s ==   ,  
s
s
I
I
g 1=      ___________Ex4-5 
 
The effect of Ls  
πω 23 usodcsl ILVdtdiLV s ∆=∆⇒=         ___________Ex4-6 
 
(Assuming constant output current) 
πω 23 dsodc ILV ∆=∆           ___________Ex4-7 
 
  
Procedure: 
 
 Build the circuit in fig(Ex4-1)  as shown in the simulink circuit 
fig(Ex4-4), with a supply voltage (Vm=220, f=50Hz).  
(a)  With pure resistive load of 14Ω, observe the waveforms of the output 
(and diodes)voltages and currents, and measure the mean and the r.m.s. 
values of the output voltage, the r.m.s. value of the input current, the 
magnitude and the phase of the fundamental component of the input 
current, the total harmonic distortion of input current.  
(b) Repeat with loads: (R=14Ω, L=1mH), (R=5Ω, L=1mH), (R=0.1Ω, 
L=1mH).   
(c)With (R=14Ω, L=1mH) load adding a supply inductance (5mH), 
fig(Ex4-2) & fig(Ex4-5) observe the waveforms of the output (and the 
supply inductor) voltages and currents, and measure the mean value of 
the output voltage.   
(d) Build the circuit in fig(Ex4-3)  as shown in the simulink circuit 
fig(Ex4-6), with a supply voltage (Vm=220, f=50Hz). Repeat steps (a) 
and (b).  
 
Circuit diagrams: 
 
  
  fig(Ex4-1)     fig(Ex4-2) 
    
 
  fig(Ex4-3) 
  
 
fig(Ex4-4) 
 
 
fig(Ex4-5) 
 
 fig(Ex4-6) 
 
  
Report: 
• Sketch the waveforms of the rectifier output voltages, and currents. 
• Sketch the waveforms of the diodes voltages, and currents. 
• Calculate the ripple factor of the output voltages. 
• Calculate the total harmonic distortion. 
• Calculate the mean value of the output voltages. 
• Calculate the input active power and the power factor. 
• Compare the calculated values and the simulation values. 
• Comment on the results. 
 
Waveforms 
RL=(14Ω,0mH) 
 
RL=(14 Ω,1e-3mH) 
  
  
RL=(5 Ω,1e-3mH) 
 
 
RL=(0.1 Ω,1e-3mH) 
 
  
Over lap 
 
 
 
 
 
  
3-phase bridge RL=(14 Ω,0H)              
 
 
RL=(14 Ω,1mH) 
 
  
RL=(5 Ω,1mH) 
 
 
RL=(0.1 Ω,1mH) 
  
  
 
Results: 
A) 3-phase half-wave rectifier 
 
THD phay1 Is1m Isr.m.s Iodc Vor.m.s Vodc R,L, 0.5Pi 
1.05940 6.016.1910.55150.12147.65 14,0 
1.0596-0.5 6.016.1910.55150.1147.6 14,1e-3 
1.0602-1.3 16.7917.329.49149.92147.46 5,1e-3 
1.0789-0.7 741.36771.141344.4* 137.1134.45 0.1,1e-3 
 
B) Overlap  
U ^Iu Iodc Vodc RL 
0.012/14 s 7 10.15142.114,1e-3 
 
C) 3-phase bridge rectifier 
 
THD phay1 Is1m Isr.m.s Iodc Vor.m.s Vodc R,L, 0.5Pi 
0.30760 23.4517.3521.22297.32297.06 14,0 
0.30774-0.1 23.4517.3521.22297.32297.06 14,1e-3 
0.30807-0.2 65.648.5459.4297.24296.99 5,1e-3 
0.30590 3211.923752912.9291.55291.29 0.1,1e-3 
 
Calculated 
a) 3-phase 1-way 
 
THD RF Vdc R,L 
1.0590540.183677148.552214,0 
1.0590540.18483148.552214,1e-3 
1.059880.183421148.55225,1e-3 
1.0788440.19952148.55220.1,1e-3 
b) 3-phase bridge 
THD RF 297.1044R,L 
0.3079310.041848297.104414,0 
0.3079310.041848297.104414,1e-3 
0.3082520.04104297.10445,1e-3 
0.3058370.042261297.10440.1,1e-3 
 
 
3-2-5 Experiment 5 Ac voltage controllers     
 
 
Objectives: 
To study the output voltage and current waveforms of the ac 
voltage controllers, for resistive and inductive loads. And to study the 
effect of the load angle on the control angle range. 
 
  
Introduction: 
 Ac voltage controllers convert a fixed-voltage ac supply into a 
variable-voltage ac supply. They are equivalent to autotransformers. The 
simplest phase controller consisting of a thyristor and a diode in an 
inverse-parallel configuration fig(Ex5-1). This circuit does not operate as 
a true ac-ac converter because a dc component is introduced when the 
thyristor is controlled. The dc component introduced into the ac line 
restricts the use of this circuit to low power levels.  
 The circuit shown in fig(Ex5-2) needs isolated gate signals, in this 
circuit, it is desirable that the thyristor working voltage rating should be 
at least equal to the crest value of the supply voltage. In practice, values 
of twice this figure are used to prevent transients causing the thyristor to 
conduct by means of forward break over. 
 Normally in line commutated converters, commutation is achieved 
by the action of supply voltage as negative voltage across a conducting 
thyristor when the next thyristor is turned on. But in the case of the ac 
voltage controller in fig(Ex5-2), the situation is different. A conducting 
thyristor actually provides a negative voltage drop (0.8V) across the non 
conducting one. Therefore, until the current through the conducting 
thyristor is zero, the nonconducting thyristor cannot be fired. So there is 
no special commutation taking place in this circuit. That is at every firing 
of thyristor, the current builds up from zero value. 
 
Required blocks: 
 
Simulink/Signal Routings Lib/Mux. 
Simulink/Sinks Lib/Scope. 
Simulink/ Sources Lib/Pulse Generator. 
SimPowerSystems/Connectors Lib/Ground(input)& Ground(output)& T 
Connector. 
SimPowerSystems/Electrical Sources Lib/AC Voltage Source. 
SimPowerSystems/Elements Lib/Series RLC Branch. 
SimPowerSystems / Extra Library/Measurements Lib/Fourier& RMS& 
Total Harmonic Distortion. 
SimPowerSystems/Measurements Lib/Current Measurement& Voltage 
Measurement.  
SimPowerSystems/Power Electronics Lib/Diode& Thyristor. 
 
 
Theory: 
( ) ( )⎟⎠
⎞⎜⎝
⎛ −+−== ∫ βααβπωωπ
β
α 2sin2sin2
1
2
1sin1 220 mmrms VttdVV      
  
( ))2cos(sin
2
1 αθθθπ ++= mV         ___________Ex5-1 
 
Where θ=β-α 
 
Φ < α <л 
For resistive load β=Л 
When α varied from 0 to 180 smrV ..  varied from 2mV    to 0. 
( ) 121 −= rmsssrms IITHD      _____________Ex5-2 
Procedure: 
i- Build the circuit in fig(Ex5-1)as shown in the simulink circuit fig(Ex5-
3), with a supply voltage (Vm=220, f=50Hz).  
With pure resistive load of 14Ω, and a (R=5Ω, L=10mH) load observe 
the waveforms of the output (and the thyristor & the diode) voltages and 
currents for α=0.4Л, α=0.7Л. 
ii- Build the circuit in fig(Ex5-2)as shown in the simulink circuit fig(Ex5-
4), with a supply voltage (Vm=220, f=50Hz).  
(a) With pure resistive load of 14Ω, and α=0.4Л, α=0.7Л observe the 
waveforms of the output (and the thyristor & the diode) voltages and 
currents, and measure the r.m.s. values of the output voltage and current, 
the r.m.s. value of the input current, the magnitude and the phase of the 
fundamental component of the input current, the total harmonic distortion 
of input current, the input active (and reactive) power. 
(b) Repeat (a) with loads: (R=5Ω, L=10mH) and (R=0Ω, L=1mH). 
(c) With load (R=5Ω, L=10mH) change the pulse generator phase shift 
(α) from zero second with step (0.0001s) observe the output voltage 
waveforms, record the value of α at which the two thyristor will conduct, 
that is αmin. 
 
Circuit diagrams:   
  
  fig(Ex5-1)    fig(Ex5-2) 
 
  
 
fig(Ex5-3) 
 
 
fig(Ex5-4) 
 
 
Report: 
• Sketch the waveforms of the ac controllers' output voltages, and 
 currents. 
• Calculate the total harmonic distortion.  
• Calculate the r.m.s. value of the output voltages. 
• Compare the calculated values and the simulation values. 
• Comment on the results. 
 
  
Waveforms 
Thyristor with inverse parallel diode   α=0.4π, RL=(5Ω,10mH) 
  
Inverse parallel thyristors RL=(14Ω,0mH) 
 
  
RL=(5Ω,10mH)     
   
RL=(0Ω,1mH) 
 
 
  
Results 
THD phay1 Is1m Isr.m.s Ior.m.s Vor.m.s R,L, 0.4Pi 
0.48004-21.67 11.769.2269.226129.214,0 
0.46863-23.1 11.7459.1729.172129.0514,1e-3 
0.45435-25.4 32.66925.37325.373128.885,1e-3 
     H.W 0.1,1e-3 
 
THD phay1 Is1m Isr.m.s Ior.m.s Vor.m.s R,L, 0.75Pi 
1.1402-53.2 3.9714.2584.25859.6114,0 
1.1418-53.9 3.944.2294.22960.1714,1e-3 
1.0609-57.2 11.04111.38311.38359.715,1e-3 
0.46985-89 199.19155.62155.6283.610.1,1e-3 
 
Calculated 
 
THD R,L, 0.4Pi 
0.48057814,0 
0.46871914,1e-3 
0.4543455,1e-3 
 0.1,1e-3 
  
 
 
3-2-6 Experiment 6 Choppers 
      
Objectives: 
 
To study the output voltage and current waveforms of the buck 
and the boost choppers. And to study the effect of the filters on the 
output voltage ripple. 
 
Introduction: 
 
1: Step-down (buck) converter:  
 As the name implies, a step-down converter produces a lower 
average output voltage than the dc input voltage Vd. Its main application 
is in regulated dc power supplies and dc motor speed control. 
 The basic circuit of fig(Ex6-1) constitutes a step-down converter 
for a purely resistive load. Assuming an ideal switch, the average output 
voltage can be calculated in terms of the switch duty ratio (D son TT= ) 
do DVV = . By varying the duty ratio of the switch, Vo can be controlled. 
Another important observation is that the average output voltage Vo 
varies linearly with the control voltage, as is the case in linear amplifier. 
THD R,L, 0.75Pi
1.13997514,0 
1.14199914,1e-3 
1.0610475,1e-3 
0.4698370.1,1e-3 
  
In actual applications, the foregoing circuit has two drawbacks; first in 
practice the load would be inductive. Even with resistive load, there 
would always be certain associated stray inductance. This means that the 
switch would have to absorb (or dissipate) the inductive energy and 
therefore it may be destroyed. Second the output voltage fluctuates 
between zero and Vd, which is not acceptable in most applications. The 
problem of stored energy is overcome by using a diode. The output 
voltage fluctuations are very diminished by using a low-pass filter L&C 
fig(Ex6-2). The values of L&C are chosen so that the corner frequency of 
the filter ( LCfc π21= ) is less than the switching frequency ƒs, to 
minimize the output voltage ripple. 
   
converter) boost(up -Step: 2 
 The circuit used in this part is shown in fig(Ex6-3). Its main 
application is in regulated dc power supplies and the regenerative braking 
of dc motors. As the name implies the output voltage is always greater 
than the supply voltage. When the switch is on, the inductor L is 
connected to the supply Vd and VL=Vd. The inductor current increases 
linearly. When the switch is off, the inductor current is forced to flow 
through the diode and the load, the inductor current decreases linearly. 
The output stage, therefore receives energy from the inductor as well as 
from the input supply. The output filter capacitor is assumed to be very 
large to ensure a constant output voltage vο(t)=Vo, to minimize the output 
voltage ripple the output stage time constant (RC) most be grater than the 
switching time (Ts).  
 
Required blocks: 
 
Simulink/Signal Routings Lib/Demux& Mux. 
Simulink/Sinks Lib/Scope.  
Simulink/ Sources Lib/Pulse Generator. 
SimPowerSystems/Connectors Lib/Ground(input)& Ground(output)& T 
Connector. 
SimPowerSystems/Electrical Sources Lib/DC Voltage Source. 
SimPowerSystems/Elements Lib/Series RLC Branch& Parallel RLC 
Branch. 
  
SimPowerSystems/Extra Library/Discrete Measurements Lib/Discrete 
Mean Value. 
SimPowerSystems / Extra Library/Measurements Lib/Fourier& RMS& 
Total Harmonic Distortion. 
SimPowerSystems/Measurements Lib/Current Measurement& Voltage 
Measurement.  
SimPowerSystems/Power Electronics Lib/Diode& Ideal Switch. 
 
Theory: 
 
a) do DVV =       _____________Ex6-1
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Where  Vo = Output dc Voltage, Vd = Input dc Voltage  
  D = Duty Cycle 
s
on
T
T=  
 
LC
fc π2
1=         _____________Ex6-3 
b) ( )DV
V
d
o
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 τ
s
o
o DT
V
V =∆       _____________Ex6-5 
 τ=RC (time constant) 
Procedure: 
 
           Build the circuit in fig(Ex6-2) as shown in the simulink circuit 
fig(Ex6-4)), with  a supply voltage Vs = 100 V, L1 = 10 mH, R1 = 10 
ohms, fs = 1 kHz, Switch duty ratio D=0.50. Observe the waveforms of 
the dc source (input) current and dc load (output) voltage. Measure the dc 
output voltage and current, and the output ripple voltage. Repeat with a 
capacitor in parallel with the Rload (C1=1uf) simulink circuit fig(Ex6-5). 
Repeat with different duty ratios 0.2 and 0.6. 
           Build the circuit in fig(Ex6-3)  as shown in the simulink circuit 
fig(Ex6-6), with  a supply voltage Vs=50V, L=10uH, C=20uF, R=8 
ohms, f=10kHz, Switch duty ratio D=0.5. Observe the waveforms the dc 
  
source (input) current and dc load (output) voltage. Measure the dc output 
voltage and current, and the output ripple voltage. 
Repeat with different duty ratios 0.2, 0.75 and 0.9. 
 
Circuit diagrams:  
  
  fig(Ex6-1)     fig(Ex6-2) 
         
   fig(Ex6-3)  
   
 
     
   fig(Ex6-4) 
  
  
     
   fig(Ex6-5) 
 
 
 
   fig(Ex6-6) 
 
Report: 
 
• Sketch the waveforms of choppers output voltages, and currents. 
• Calculate the mean value of the output voltages. 
• Calculate the output ripple voltage ∆Vo/Vo. 
• Compare the calculated values and the simulation values. 
• Comment on the effects 0f the choice of the inductor and capacitor 
values on the dc output voltage ripple. 
• Comment on the results. 
 
  
Waveforms 
Step-down chopper without capacitor 
  
 
 
Step-down chopper with capacitor 
 
  
 
Step-up chopper 
 
Results 
A- buck chopper 
Vomax Vomin Iodc Vodc D 
50.848.3 4.95549.550.5
20.218.6 1.93419.340.2
60.858.4 5.96259.620.6
 
With C filter 
Vomax Vomin Iodc Vodc D 
50.4748.62 4.95549.550.5
19.8518.72 1.93419.340.2
60.5358.77 5.96259.620.6
 
Boose chopper 
Vomax Vomin Iodc Vodc D 
281.5167 28.756230.050.75
10564 10.66685.330.2
203.5121.3 17.893143.150.5
571327 61.55492.40.9
  
Calculated  
A- buck chopper 
 
Vo ∆vo 
50 2.5 
20 1.6 
60 2.4 
  
With C filter 
  
Vo ∆Vo
50 1.85
20 1.13
60 1.76
Boose chopper 
 
Vo ∆Vo
200 114.5
62.5 41
100 82.2
500 244
 
 
3-2-7 Experiment7  Simple inverter circuit:    
 
Objectives: 
 
 To study the output voltage and current waveforms of the 
simple inverter circuit, for resistive and inductive loads.  
 
Introduction: 
 
 Switch-mode dc-to-ac inverters are used in ac motor drives and 
uninterruptible ac power supplies where the objective is to produce a 
sinusoidal ac output whose magnitude and frequency can both be 
controlled. The input of the switch-mode dc-to-ac inverters is a dc supply 
which can be a battery or the output of a controlled rectifier. Such 
inverters are referred to as voltage source inverters (VSIs). Both single-
phase and three-phase (VSIs) are used in industry, but only the single-
phase is to be simulated here.  
 In the square-wave inverters, the input dc voltage is controlled in 
order to control the magnitude of the ac output voltage, and there for only 
the inverter has to control only the frequency of the output voltage. The 
  
ac output voltage has a waveform similar to a square wave, and hence 
these inverters are called square wave inverters. 
 
Required blocks: 
 
Simulink/Signal Routings Lib/Mux. 
Simulink/Sinks Lib/Scope. 
Simulink/ Sources Lib/Pulse Generator. 
SimPowerSystems/Connectors Lib/Ground(input)& Ground(output)& T 
Connector. 
SimPowerSystems/Electrical Sources Lib/DC Voltage Source. 
SimPowerSystems/Elements Lib/Series RLC Branch. 
SimPowerSystems/Extra Library/Discrete Measurements Lib/Discrete 
Mean Value. 
SimPowerSystems / Extra Library/Measurements Lib/Fourier& RMS& 
Total Harmonic Distortion. 
SimPowerSystems/Measurements Lib/Current Measurement& Voltage 
Measurement.  
SimPowerSystems/Power Electronics Lib/Diode. 
 
 
Theory: 
 
ssmor VDV ×= 2..      __________Ex7-1 
 
Z
V
I smorsmor
..
.. =      __________Ex7-2 
LjRZ ω+=              
 
Where D is the pulse width 
 
Procedure: 
 
           Build the circuit in fig(Ex7-1)) as shown in the simulink circuit 
fig(Ex7-2), with  a supply voltage Vs=200V, Rl=40Ω, Pulse 
width=40%,swithing period Ts=0.02s. Measure the r.m.s value of output 
voltage and current. Repeat with RL load (40 Ω,50mH), and 
D=30%,50%.  
 
  
Circuit diagrams: 
 
 
  fig(Ex7-1) 
 
 
    fig(Ex7-2) 
 
 
Report: 
 
• Sketch the waveforms of the inverter output voltages, and currents. 
• Sketch the waveforms of the switching devices and diodes 
currents, and voltages. 
• Calculate the r.m.s. value of the output voltages. 
• Comment on the results. 
 
  
RL (40 Ω,0)           RL (40 Ω,50mH) 
  
 
Results: 
 
 
 
Calculated: 
 
 Vrms 
0.5 200 
0.3 154.9193 
0.4 178.8854 
 
 
 
 
    PW=50%     PW=30%     PW=40%  
Ir.m.s Vr.m.s Ir.m.s Vr.m.s Ir.m.s Vr.m.s RL 
4.998 199.93.872154.864.471 178.83 40,0 
4.903 199.93.824156.134.416 179.74 40,5e-3 
  
 
 
 
 
CHAPTER-IV 
Creating a model using PSpice 
 
• Creating a model using PSpice Schematics 
• Experiment Listing Using Pspice 
• Single-phase half-wave diode rectifier circuit 
• Three-phase half-wave diode rectifier circuit 
• Single-phase diodes bridgh rectifier circuit 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
CHAPTER-IV 
Creating a model using PSpice 
 
4-1 Creating a model using PSpice Schematics: 
To create a model using PSpice Schematics first select Pspice 
student ? Schematics. PSpice Schematics window will appear as in   
fig(4-1). 
 
 fig (4-1) 
 
Click get new part icon(1) and type the part name or the first litter of the 
name on the part browser advanced fig(4-2), that is type R for resistor, 
gnd-earth for the ground, Dbrack for the power diode, and Vsin for the 
voltage source. Note that each part model has its own characteristics. 
  
Then click place and drag the part and drop it on the Schematics window. 
The selection of the part here is ended by right clicking the mouse. Copy 
the rest of the parts in a similar manner and close the part browser 
advanced. The part rotated by clicking ctrl&r. Use the pencil (icon 6) to 
draw a narrow connection between parts. And add current and voltage 
measured (icons 2&3). The window looks as in fig (4-3). Add the values 
of the part if given. Then select set up analysis icon and select transient 
analysis. Right clicking on transient to adjust the simulation time by 
writing starting and end times.   
Before running the simulation you had to save it. Click simulate 
icon (4). The output will looked like fig (4-4). 
 
 
 
fig (4-2) 
 
  
 
 
fig (4-3) 
 Fig(4-4) 
  
  
IV-2 Experiment Listing Using Pspice 
 
IV-2-1 Single-phase half-wave diode rectifier circuit: 
 
Build the half-wave diode rectifier circuit with R load (14Ω) as in 
fig (4-5). Observe the output voltage and current waveforms. Add a 
10mH inductor to the load fig (4-7), and observe the output voltage and 
current waveforms. The waveforms are shown in fig (4-6) & fig (4-8).  
   
 
With R load   
  
 Fig(4-5)   Fig (4-6) 
 
With RL load 
  
Fig (4-7)      Fig (4-8) 
 
 
 
  
IV-2-2 Single-phase diode bridge rectifier circuit: 
 
Build the single-phase diodes bridgh rectifier circuit with R load 
(14Ω) as in fig (4-9). Observe the output voltage and current waveforms. 
Add a 10mH inductor to the load fig (4-10), and observe the output 
voltage and current waveforms. The output waveforms are shown in fig 
(4-11) &fig (4-12)  
 
 
 
With R load           
  
    Fig (4-9)          Fig (4-10) 
 
 
With RL load 
   
      Fig (4-11)         Fig (4-12)
  
IV-2-3 Three-phase half-wave diodes rectifier circuit: 
 
Build the three-phase half-wave diodes rectifier circuit with R 
load (14Ω) as in fig (4-13). Observe the output voltage and current 
waveforms. Add a 20mH inductor to the load fig (4-15), and observe 
the output voltage and current waveforms. The output waveforms are 
shown in fig (4-14) &fig (4-16)  
 
With R load          
  
 
fig (4-13)          fig (4-14) 
 
 
With RL load 
  
   
fig (4-15)           fig (4-16) 
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CHAPTER-V 
Discussions & Conclusions 
 
Most of the experiments were built up using Matlab 6.5. It has a 
powerful tool known as Simulink that can be used for simulating power 
systems. Pspice simulator was also used for the experiments concerning 
simple diode rectifier circuits, and simple thyristor rectifier circuits.  
On simulating rectifier circuits when the value of the snubber 
circuit resistance is small, the output voltage waveform for complex 
load oscillates around the zero value, and thus the mean value of the 
output voltage will differ from the actual value. The value 
recommended for snubber circuit resistor is equal to or greater than 
100Ω. 
In the second part of the simple thyristor rectifier experiment, the 
rectifier was considered to supply a dc motor drive load. A dc voltage 
source in series with RL load is used to simulate the back e.m.f, the 
armature resistance and inductance. To obtain the actual value of the 
firing angle α at which the current begins to flow, the pulse-width of 
the signal generator must be as short as possible. 
 The three-phase one-way and bridge rectifier circuits were built 
with diodes. Using thyristors instead of diodes multiplied the mean 
value of the output voltage by cosα. It was also noticed that in these 
rectifiers, and in the single-phase bridge rectifiers with pure inductive 
load, the output current increased linearly with time, so it is advisable to 
add a small resistance value to maintain stable current. 
To study the effect of the source inductance, a large inductor 
(5mH) is used to clearly demonstrate the overlap period. Calculating the 
voltage drop due to overlap assuming constant dc current results in a 
  
relatively large error. To have the real value of the voltage drop, ∆I will 
be obtained from diodes’ current waveforms. 
In simulating ac controllers, half-controlled and parallel inverse 
thyristors circuits were used. The half-controlled circuit was used 
only to show the output waveform and it would not be analyzed. 
Using parallel inverse thyristors with complex loads, a relatively 
large pulse-width will not show the real range of the control-firing 
angle. For this reason a relatively small pulse-width was used. 
However, in practice with very small pulse-widths the thyristor 
current might not reach the latching current and the thyristor would 
therefore stop conducting on removing the trigger pulse. The current 
would there after be discontinuous. 
 Using Pspice schematic, three circuits were simulated. All these 
circuits were uncontrolled rectifiers using diodes, but the snubber circuit 
was ignored in them. Ignoring this factor, a back recovery time 
appeared. 
 In the forced commutation converters, ideal switches were used. 
A simple step down chopper can be built using thyristor with its 
commutation circuits as another experiment. 
 
  
 
 
 
 
 
 
 
 
 
 
 
Appendixes 
 
 
  
Appendix A 
 
A SINGLE DIODE CIRCUIT  
PSPICE SIMULATION  
For simulation using Pspice, the circuit used is shown below.  Here the 
nodes are numbered. The ac source is connected between nodes 1 and 0.  
The diode is connected between nodes 1 and 2 and the inductor links 
nodes 2 and 3.  The resistor is connected from 3 to the reference node, that 
is, node 0.  
 
The Pspice program is presented below.  
* Half-wave Rectifier with RL Load 
* A problem to find the diode current 
VIN 1 0 SIN(0 340V 50Hz) 
D1 1 2 DNAME 
L1 2 3 31.8MH 
R1 3 0 10 
.MODEL DNAME D(IS=10N N=1 BV=1200 IBV=10E-3 
VJ=0.6) 
.TRAN 10US 60.0MS 20.0MS 10US 
.PROBE 
.OPTIONS(ABSTOL=1N RELTOL=.01 VNTOL=1MV) 
.END 
The diode is described using the MODEL statement.  The TRAN 
statement simulates the transient operation for a period of 60 ms at an 
interval of 10 µs.  The OPTIONS statement sets limits for tolerances.  The 
output can be  
viewed on the screen because of the PROBE statement.  A snapshot of 
  
output is presented below. 
 
   
A SINGLE SCR CIRCUIT  
PSPICE SIMULATION  
The program below presents a PSPICE program.  The circuit used is 
shown below.  
 
The PSPICE program shown below presents the SCR as a subcircuit.  
* Half-wave Rectifier with RL Load 
  
* A problem to find the SCR current 
VIN 1 0 SIN(0 340V 50Hz) 
XT1 1 2 5 2 SCR 
VP 5 2 PULSE(0 10 1667U 1N 1N 100U 20M) 
L1 2 3 31.8MH 
R1 3 0 10 
* Subcircuit for SCR 
.SUBCKT SCR 101 102 103 102 
S1 101 105 106 102 SMOD 
RG 103 104 50 
VX 104 102 DC 0 
VY 105 107 DC 0 
DT 107 102 DMOD 
RT 106 102 1 
CT 106 102 10U 
F1 102 106 POLY(2) VX VY 0 50 11 
.MODEL SMOD VSWITCH(RON=0.0105 ROFF=10E+5 VON=0.5 
VOFF=0) 
.MODEL DMOD D((IS=2.2E-15 BV=1200 TT=0 CJO=0) 
.ENDS SCR 
.TRAN 10US 60.0MS 20.0MS 10US 
.PROBE 
.OPTIONS(ABSTOL=1N RELTOL=.01 VNTOL=1MV) 
.END 
The waveforms obtained are presented below. 
 
The voltage waveform at the cathode of the SCR  
  
 
The load current waveform  
 
The inductor voltage waveform  
  
 
The voltage waveform across the SCR  
 
 
The voltage waveform of the pulse source used for triggering the SCR  
 
 
 
 
 
 
 
  
 
Appendix B 
Questions: 
 
Experiment (1) 
1. What is a rectifier? What is the difference between a rectifier and 
converter? 
2. What is the blocking condition of a diode? 
3. What are the performance parameters of a rectifier? 
4. What are the significances of form factor and ripple factor? 
5. What is the displacement factor and what is the input power 
factor? 
6. What is the harmonic factor?  
7. What is the dc output voltage of a simple diode rectifier? 
 
Experiment (2) 
1. What is a controlled rectifier? And what is the delay angle? 
2. How are gate-turn-off thyristors turned on and off? 
3. How is a phase-control thyristor turned on and off? 
4. What is a natural or line commutation? And what is a forced 
commutation? 
5. What is the rectification mode of converters? And what is the 
inversion mode of converters? 
6. Do the output ripple voltages of converters depend on the delay 
angle? 
 
Experiment (3) 
1. What is the difference between a half-wave and full-wave 
rectifier? 
2. What is the fundamental frequency of the output voltage of a 
single-phase full-wave rectifier? 
3. What is the dc output voltage of a single-phase full-wave 
rectifier? 
4. What is the semiconverter? And what is the full converter? 
5. Why the power factor of semiconverter is better than that of full 
converter? 
6. What are the effects of using a freewheeling diode in single-phase 
semiconverters? 
 
Experiment (4) 
  
1. What are the advantages of a three-phase rectifier over a single-
phase rectifier? 
2. What are the disadvantages of a multiphase half-wave rectifier? 
3. What are the advantages of a three-phase bridge rectifier over a 
six-phase star rectifier? 
4. What are the effects of source inductances on the output voltage 
of a rectifier? 
5. What is a commutation? And what is the commutation angle of a 
rectifier? 
6. What are the effects of load inductances on the rectifier output? 
 
Experiment (5) 
1. What is the principle of ac-ac converter? 
2. What are various configurations of single-phase ac-ac converter, 
drow circuit diagrams? 
3. Why a thyristor-diode inverse-parallel configuration does not 
operate as a true ac-ac converter? 
4. Why the thyristors inverse-parallel configuration operate as a 
half-wave rectifier when the load angle is grater than the firing 
angle? 
 
Experiment (6) 
1. What meant by a dc chopper? 
2. What are the principles of operation of the step-down and the 
step-up choppers? 
3. What is the effect of load inductance on the ripple current?  
4. What is the effect of chopping frequency on the ripple current? 
5. What is the effect of chopping frequency on filter sizes?  
6.  What are the effects of source inductance? 
7. At what duty cycle does the load current ripple current become 
maximum? 
 
Experiment (7) 
1. What is an inverter? And what is its principle of operation? 
2. What are the types of inverters? 
3. What are the differences between half-bridge and full-bridge 
inverters? 
4. What are the purposes of feedback diodes in inverters? 
 
 
  
Appendix C 
Answers 
Experiment (1) 
1. The rectifier is a device that converts a fixed ac voltage to a fixed 
or variable dc voltage. A rectifier is a type of converters which 
convert the power from one form to other.  
2. The blocking condition of a diode is the condition at which a 
negative voltage applied at the terminals of the diode, reverse 
biased, and it acts as an off switch. 
3. The performance parameters of a rectifier are the form factor, the 
ripple factor, the displacement factor, the input power factor and 
the harmonic factor. 
4. The form factor and the ripple factor are a measure of the shape 
and the ripple content of the output voltage. Form factor is the 
ratio between the r.m.s value to the dc value of the output voltage 
and ripple factor is the ratio between the ac √(r.m.s²-dc²) value to 
the dc value of the output voltage. 
5. The displacement factor is the cosine of the fundamental 
component (Is1) angle of the input current (cosθ1), and the input 
power factor = (Is1/Is)*cosθ1. 
6. The harmonic factor or total harmonic distortion is the ratio 
between the distortion values to the fundamental component 
value of the input current      ( ) 121 −= ss IITHD  
7. ( )βπ cos12 −= mdc
V
V  
 
Experiment (2) 
1. A controlled rectifier is the rectifier that can give variable dc 
voltages from a fixed ac voltage. The delay angle is the angle at 
which the thyristor resaves a positive gate current pulse.   
2. The gate-turn-off thyristors turned on when they resave a positive 
gate current pulse and turned off by applying a negative gate-
cathode voltage. 
3. A phase-control thyristor turned on when it resaves a positive 
gate current pulse and turned off when the power circuit applies a 
negative voltage across it.  
4. In line commutated converters, commutation is achieved by the 
action of supply voltage as negative voltage across a conducting 
device when the next device is turned on in forced commutation 
  
additional circuit is used to apply negative voltage across a 
conducting device.   
5. The rectification mode of converters is the mode at which the dc 
output voltage has a positive value, and the inversion mode is the 
mode at which the dc output voltage has a negative value. 
6. The output ripple voltages of converters depend on the delay 
angle. 
 
Experiment (3) 
1. In half-wave rectifier the switching device turned on in the 
positive half-cycle and may continue conducting a part of the 
negative half-cycle. In full-wave rectifier there is a switching 
device turned on in each cycle of the supply voltage. 
2. The fundamental frequency of the output voltage of a single-
phase full-wave rectifier is twice the supply frequency.  
3. For half-controlled bridge Vdc=Vm/π (1+cosα) for all loads, and 
for full-controlled bridge Vdc=Vm/π (1+cosα) for R load, 
2Vm/π*sin(θ/2)sin(α+θ/2) for RL load discontinuous current & 
2Vm/π*cosα for RL load continuous current. 
4. The semiconverter is the converters that use diode and thyristors; 
in full converters only thyristors are used. 
5. In semiconverters the input current r.m.s value is decreases with 
increasing firing angle α, and therefore the reduction in power 
factor is less than in the fully controlled bridge; θ1=α in both. 
6. Using a freewheeling diode in single-phase semi-converters the 
output current in the negative cycle circulated throw it and each 
thyristor turned off at the end of the half cycle. 
 
Experiment (4) 
1. The advantages of a three-phase rectifier over a single-phase 
rectifier are the lower ripple content in the waveforms and the 
higher power-handling capability. 
2. The disadvantage of a multiphase half-wave rectifier is that the 
input current total harmonic distortion THD is relatively large. 
3. The advantage of a three-phase bridge rectifier over a six-phase 
star rectifier is the reduction of the input current THD. 
4. The source inductances reduce the output voltage of a rectifier. 
5. The commutation is the process of transferring the current from 
one device to other, and the commutation angle of a rectifier is 
the angle at which this process completed. 
  
6. There is no effect to load inductances on the 3-phase diodes 
rectifier output. 
Experiment (5) 
 
1. The principle of the ac-ac converter is to block a part of the ac 
input to have a variable output ac, it is equivalent to 
autotransformers. 
2. The various configurations of single-phase ac-ac converter are 
thyristor with inverse diode, inverse-parallel thyristor pairs, back-
to-back thyristor and diode pairs, uncontrolled bridge with 
thyristor.   
3. The thyristor-diode inverse-parallel configuration circuit does not 
operate as a true ac-ac converter because a dc component is 
introduced when the thyristor is controlled. 
4. The thyristors inverse-parallel configuration operates as a half-
wave rectifier when the load angle is grater than the firing angle 
because the conducting thyristor voltage acts as a negative 
voltage across the nonconducting one therefore it cannot be fired.  
 
Experiment (6) 
 
1. The dc chopper is the dc-to-dc converter. 
2. The principles of operation of the step-down is that when the 
switch is turned on Vo=Vd; and=0 when the switch off. In the 
step-up choppers when the switch is turned on the inductor 
received the supply power, when the switch is off the output 
received the supply power as well as the inductor power. 
3. The ripple current ∆I=VoTs(1-D)/L  
4. The corner frequency of the filter 1/(2π√(LC)) used in step down 
chopper most be less than the  chopping frequency; and the time 
constant (RC) of step up chopper most be less than the  chopping 
time(Ts).   
5. At 0.5 duty cycle the load ripple current becomes maximum. 
 
Experiment (7) 
1. The inverter is a dc-to-ac converter, its principle of operation is 
to verify the polarity of the output     
2. The types of inverters are BWM, square wave, and single phase 
with voltage cancellation inverter.  
3. In half-bridge two equal capacitors are connected in series across 
the dc input, and Vo=Vd/2. The full-bridge inverters consist of 
two half-bridge legs, Vo=Vd.  
  
Appendix D 
 
Simple thyristor rectifier with back e.m.f 
 
α=0.1Л, 
 pulse width=10%      pulse width=1% 
  
 
 
  
Three-phase half-wave rectifier 
With pure inductive load      adding small resistance 
 
 
 
 
 
  
Three-phase bridge rectifier 
With pure inductive load        adding small resistance 
 
 
 
AC controller  
 
RL=(5Ω,20mH) α=0.2Л 
10% pulse width          1% pulse width   
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